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In this issue of Neuron, three papers, Severi et al. (2014), Thiele et al. (2014), and Wang and McLean (2014),
examine the descending circuitry involved in coordinating locomotor behavior in larval zebrafish. Visually
evoked locomotor and steering movements in zebrafish aremediated by neurons in the nucleus of themedial
longitudinal fascicle (nMLF) that project directly to spinal motoneurons. The final motor output induced by
nMLF will involve integration in the hindbrain and premotor circuits in the spinal cord.Animals navigate through their environ-
ment with extreme agility by grading the
speed and strength of their locomotor
movements while at the same time con-
trolling their balance (posture). The gener-
ation and execution of the locomotion
stems from neuronal circuits in the spinal
cord (CPG) that transform descending
commands from the brain into coordi-
nated motor patterns. While there is sub-
stantial knowledge on the organization of
the spinal CPG (Arber, 2012; Bu¨schges
et al., 2011; Grillner and Jessell, 2009),
our understanding of how descending
commands are encoded and decoded is
still incomplete. In this issue of Neuron,
three complementary papers, Severi
et al. (2014), Thiele et al. (2014), and
Wang and McLean (2014), have ad-
dressed the origin of the descending
commands and how they are decoded
by the spinal motoneurons to regulate
steering and posture in larval zebrafish.
The 5- to 6-day-old zebrafish larva
has a long way to go until it matures to
its adult version, but it is nevertheless
an astounding neuronal machine that isable to generate a variety of complex pat-
terns of behavior. When it is swimming
around, it is at the same time hunting for
food, mostly in the form of swimming
amoebae. It cannot only identify these
moving targets but also steer toward
them to ingest them. This preparation al-
lows for a great variety of experimental
approaches and has yielded important
insights into the operation of the motor
system.
The Baier (Thiele et al., 2014), the En-
gert (Severi et al., 2014), and the McLean
(Wang and McLean, 2014) laboratories
report here on visually evoked swimming
in the larval zebrafish. In focus is the
midbrain nucleus of the medial longitudi-
nal nucleus (nMLF) that is activated by vi-
sual stimuli, eliciting forward locomotion
(Gahtan et al., 2005; Orger et al., 2008).
This nucleus contains a limited number
of neurons that project to the hindbrain
and spinal cord; in addition, their den-
drites ramify in an area in which afferents
from the retina terminate (Thiele et al.,
2014; Wang and McLean, 2014). Of
particular interest here is that the locomo-tor activity can be induced by natural
visual input in a controlled way. Gratings
of points moving in a direction from tail
to head induces swimming movements,
as if the larvae are trying to catch up
with the moving points. In this way, bouts
of swimming can be triggered, and by
increasing the speed of the gratings, the
larvae can be made to swim progres-
sively faster. Severi et al. (2014) show
that the larvae have two preferred modes
of locomotion, slow and fast swimming.
Many of the experiments are performed
in a preparation with the head fixed in
agar, in which visual stimuli can still trigger
bouts of fictive locomotor activity, how-
ever, only in the slow speed range.
Neurons in nMLF are activated when
visually evoked swimming is triggered,
and lesions of a limited number of nMLF
neurons reduces the speed of evoked
swimming, indicating that these neurons
indeed contribute to driving the locomotor
circuitry. Conversely, if nMLF is activated
by direct electrical stimulation, locomotor
activity can be triggered, indicating that
this nucleus indeed can be an important3, August 6, 2014 ª2014 Elsevier Inc. 515
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Previewscontributor for driving locomotor activity.
It is interesting to note there is a discrep-
ancy of the electrical versus optogenetic
activation of nMLF on the swimming
frequency and duration. Increasing the
frequency of electrical stimulus pulses in-
creases both the frequency and duration
of swimming (Severi et al., 2014). By
contrast, no change in the frequency
of swimming or duration of the bouts
is induced by optogenetic stimulation of
nMLF with increasing frequencies (Thiele
et al., 2014).
If the larval fish shall be able to catch the
moving unicellular organisms, it needs to
identify their locations and be able to steer
the movements toward the prey. Thiele
et al. (2014) show in an elegant way that
an activation of nMLF neurons on one
side can lead to an isolated bending
movement of the body through an activa-
tion of a special muscle group (posterior
hypaxial muscles). If this occurs during
swimming, it will result in steering move-
ments toward the activated side. They
also show that a graded activation of the
nMLF neurons results in a progressive
change of the amplitude of the bending
movements. That this is important for
steering is shown by the fact that an abla-
tion of some nMLF neurons results in
swimming in circles, with an increased
bending on the intact side, whereas a
bilateral activation of neurons in nMLF re-
sults in forward locomotion. Similarly, uni-
lateral optogenetic activation of nMLF
results in steering toward the enhanced
side. The degree of asymmetric activation
would seem to control the amplitude of
the turning movement, indicating that
the nMLF produces a graded control of
turning movements and hence regulates
steering and swimming direction. How
the retinal input contributes to this with
possible direct input to nMLF (the den-
drites of nMLF neurons are in the termina-
tion field of retinal afferents) is still unclear.
Previous studies show (Gahtan et al.,
2005) that the retinal projections to
tectum (superior colliculus in mammals)
are also important for the steering control,
effects probably mediated via nMLF.
Since nMLF has extensive collaterals at
the brainstem level, it opens up for the
possibility that other descending path-
ways may also be activated from nMLF.
The next step in the analyses is to
understand how the different types of516 Neuron 83, August 6, 2014 ª2014 ElsevinMLF neurons influence the spinal cord
networks. Some axons extend throughout
the spinal cord and others only for a few
segments. They have collaterals along
their axonal trajectory both in the hind-
brain and spinal cord. Since nMLF can
elicit locomotor activity, they will have to
project directly or indirectly via other retic-
ulospinal pathways to both locomotor
network interneurons and motoneurons
in the spinal cord. Wang and McLean
(2014) focus here on the connectivity to
motoneurons. They represent the final
stage of the processing of the descending
inputs from nMLF that transform a tonic
drive into graded movements. The main
focus is the mechanisms leading to a
sequential recruitment of motoneurons
by increasing levels of nMLF inputs.
They do so by comparing the strength
of synaptic connections between an
identified nMLF neurons (MeLc) and two
types of motoneurons (early-born primary
[pMN] and late-born secondary [sMN]).
Both MN types receive mixed electrical
and excitatory postsynaptic potentials
(EPSPs) from MeLc neuron. The chemical
EPSPs had similar amplitude in both
types of MNs, but its occurrence was
less reliable in sMNs (10%) than in
pMNs (40%). Despite this, the high-fre-
quency (>200 Hz) tonic input from Melc
neuron was more efficient in driving firing
in sMNs than in pMNs. This seems to be
due to a difference in intrinsic properties
between these two MNs, with sMNs hav-
ing a longer time constant and input resis-
tance than the pMNs. Such a difference in
the time constant allows for a more effi-
cient summation of EPSPs in sMNs and
hence an earlier recruitment than pMNs.
Overall, this study shows that although
pMNs and sMNs received equal excit-
atory inputs from nMLF, only sMNs are
preferentially activated based on their
effective temporal summation. Such a
direct control of specific MN types can
contribute to changes in steering during
swimming and thus provide a basis for
the observations of Baier and Engert labs.
The interesting recruitment mecha-
nisms revealed in the larval zebrafish
are, however, not maintained, in the adult
zebrafish. In the latter case, with a more
elaborate motor unit differentiation, the
order of activation of motoneurons and
interneurons is unrelated to input resis-
tance and is instead the result of a combi-er Inc.nation of a graded strength of synaptic
drive, subthreshold conductance, and ac-
tion potential threshold (Ampatzis et al.,
2013; Ausborn et al., 2012; Gabriel et al.,
2011). A recent study has elegantly
demonstrated that optogenetic activation
of a molecularly identified class of hind-
brain V2a neurons drive swimming in ze-
brafish (Kimura et al., 2013). In addition,
optogenetic activation of spinal V2a inter-
neurons generates coordinated swim-
ming pattern (Ljunggren et al., 2014).
Whether these interneurons are the target
of nMLF axons or indirectly activated de-
scending systems remains an open ques-
tion. Finally, while the direct inputs from
nMLF to MNs could contribute to steering
and direction control, the pattern of acti-
vation of sMNs during swimming must
involve activation from premotor spinal
circuits. Therefore, the final output and
the graded activation of these MNs
should include integration at the level of
the hindbrain as well as at the spinal pre-
motor interneuron circuit and how they
convey the drive to sMNs and pMNs.
Despite some remaining unsolved is-
sues, these studies provide a series of
elegant and complementary experiments
on visually evoked locomotor activity.
They add substantially to our understand-
ing of how descending commands are
integrated at the level of motoneurons
to control visually evoked swimming and
steering. Spontaneous locomotor activity
that does not depend on visual input
appears not to depend on nMLF (Gahtan
et al., 2005) but most likely does on
the other reticulospinal systems and the
upstream locomotor command systems,
as in other vertebrate species (Grillner,
2006). Understanding the origin of the
command inputs underlying locomotion
and postural adjustment (Deliagina et al.,
2008) has a long history beginning with
the identification of the mesencephalic lo-
comotor region (MLR) (Shik et al., 1966).
Later studies, especially in lamprey,
have revealed how MLR commands are
integrated in the hindbrain nuclei before
they are channeled to the spinal CPG
(Dubuc et al., 2008; Ryczko and Dubuc,
2013). These three studies in zebrafish
have provided a novel analysis of the
nature of the physiological initiation of
the commands for visually evoked loco-
motion and steering together with the
underlying synaptic mechanisms that
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Previewsproduce graded movements with a cor-
rect balance.REFERENCES
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